Introduction: Determination of sperm concentration and morphology in ejaculate is essential in evaluating fertility. Sperm shape and dimensions may depend on their concentration in ejaculate. The aim of the study was to evaluate the dependence of Hypor boar morphological and morphometric sperm characteristics on concentration in ejaculate. Material and Methods: The study was conducted on 120 ejaculates from 12 Hypor boars. Depending on sperm concentration, they were put into three groups: low, medium, and high. Ejaculate sperm concentration was determined with the photometric method. Slides were prepared from semen samples which were evaluated for the morphology of spermatozoa. The preparations for morphological analyses were by the eosin-gentian staining method. Results: As the sperm concentration in the ejaculate increased, the length, perimeter, and area of the sperm heads also did. In the ejaculates with higher sperm concentration the sperm heads were rounder. The ratios of head dimensions to tail length or total length were the highest in the sperm from ejaculates with the highest concentrations. The highest percentage of morphologically abnormal sperm was noted in ejaculates with low concentrations. Conclusion: The dimensions and shape of sperm depend on the sperm concentration in the ejaculate. In ejaculates with the highest concentrations, the sperm have larger dimensions. Sperm concentration affects the frequency of morphological anomalies in the spermatozoa.
Introduction
Male fertility depends on the quality of the spermatozoa produced. Numerous authors have reported that differences in the fertility of males used for artificial insemination (AI) may result from sperm morphology (19) . The structure and size of spermatozoa affect their function, including their capacity to undergo the acrosome reaction (20) and to bind to the zona pellucida of the oocyte (6) , and thus affect the potential fertility of the male (21) . Sperm morphology, however, varies considerably depending on the breed of the male (27) and across different species (29) . Variability in sperm morphology is also noted in individuals from the same population (9) .
Normal morphological structure guarantees that the spermatozoon will successfully reach the ovum and activate the oocyte (6) . Male fertility has been shown to depend on the frequency of morphologically abnormal spermatozoa (1) . It has been demonstrated that the presence of abnormal sperm morphology can be the cause of abortion in the initial period of pregnancy (3) , reduced embryo quality (17) , and decreased fertilisation capacity of sperm (6) . Some studies have indicated an association between the dimensions and shape of spermatozoa and male fertility (30) , and one cited the size of the sperm head as a factor of male conceptive fitness (23) . The dimensions and shape of the sperm cells have also been shown to be affected by the ejaculate traits (9) and environmental factors (10) .
Hypor boars, a hybrid line of pigs, are commonly used in the production of hybrid fatteners. While boar sperm quality is routinely assessed by measuring the concentration and morphology of spermatozoa in AI centres, hypor boar sperm morphology specifically has not yet been investigated. It is possible that sperm shape and dimensions depend on the concentration of spermatozoa in the ejaculate. In the present study, an attempt was made to determine the dependence of morphological and morphometric sperm characteristics and the ejaculate traits of Hypor boars on sperm concentration in the ejaculate.
Material and Methods
All boars used in the study were managed under unified conditions, conforming to the current animal welfare regulations. Experiments were conducted using 12 Hypor boars. In total, 120 ejaculates were evaluated, collected at three insemination stations (A, B, and C). Station A is located at latitude 52°52′54″N and longitude 20°36′38″E, station B at latitude 51°58′27″N and longitude 19°01′17″E, and station C at latitude 52°05′28″N and longitude 19°59′01″E. The ejaculates were collected using the gloved-hand technique (14) every 4-5 days. At least 10 ejaculates from each boar were collected and assessed. The ejaculates were graded according to sperm concentration in the ejaculate, distinguishing three groups: ejaculates with low sperm concentration (less than 390 × 10 6 /mL, n-44), ejaculates with medium sperm concentration (390-490 × 10 6 /mL, n-39), and ejaculates with high sperm concentration (>490 × 10 6 /mL, n-37). Immediately after obtaining the ejaculate, the following parameters were determined: volume, sperm concentration, total number of spermatozoa, percentage of spermatozoa with progressive motility, and number of insemination doses per ejaculate. Ejaculate volume was determined after isolating the gelatinous fraction on the basis of ejaculate weight measured on an electronic scale. The volume of the ejaculate was calculated assuming a density of 1.0 g/mL, and sperm concentration in an ejaculate was determined on an AccuRead photometer (IMV Technologies, France). The collected sperm was diluted in Biosolwens Plus (Biochefa, Poland). A blank tube was loaded with 2.4 mL of 0.9% NaCl, and a sample tube with 100 µL semen sample added to 0.9% NaCl. Sperm motility was assessed by microscope under 200× magnification. The total number of spermatozoa, and number of insemination doses per ejaculate were calculated using WINSUL software.
Morphometric measurements and morphological evaluation of the sperm were based on the microscopic examination of slides prepared from fresh ejaculates, using 100× immersion objectives and a Nikon E-50i light microscope. Morphometric measurements of 15 randomly selected spermatozoa were taken from each slide. The preparations for analyses were made according to the following methodology: a drop of semen was placed on a slide preheated to 37°C, the slides were allowed to air dry for a minimum of 2 h, and then were prepared and preserved in a 96% ethanol solution during a 5-minute exposure. After 30 min, the preserved slides were washed in distilled water, and then stained with a 10% aqueous solution of eosin during a 20-to 60-sec exposure. The stained slides were washed in distilled water again and stained with gentian pigment during a 3-to 5-min exposure. After staining, the slides were washed and dried. The slides were gently rinsed with distilled water for 2 min to remove debris (15) .
For each spermatozoon, the following morphometric measurements were made: perimeter, area, length and width of the head, length of the tail, and its total length. On the basis of the results of morphometric measurements, the following indexes of morphological structure of spermatozoa were calculated: head width/head length ratio, head length/total length ratio, head length/flagellum length ratio, flagellum length/total length ratio, perimeter of the head/total length ratio, head area/total length ratio, and head length × width/total length ratio. In addition, the morphology of 500 spermatozoa, including those with proper morphology as well as with major or minor abnormalities, was evaluated on each slide according to Blom classification (2).
The analysis of variation of semen traits was carried out according to the following model: Yij = µ + ai + eij, where Yij is trait value, µ is population mean, ai is sperm concentration, and eij is error. Differences between means were evaluated using Tukey's test at P ≤ 0.05. Table 1 presents the results of the morphometric measurements of the sperm in relation to the sperm concentration in the ejaculate. The sperm from the ejaculates with a sperm concentration of over 490 × 10 6 /mL (high concentration) had larger dimensions than the sperm from ejaculates with medium or low sperm concentration. In the ejaculates with the highest sperm concentration, the sperm heads were 0.24 µm longer than those of sperm in ejaculates with medium sperm concentration (P ≤ 0.05) and 0.28 µm larger than those of sperm in ejaculates with low sperm concentration (P ≤ 0.05). The sperm from ejaculates with the highest sperm concentration had a larger head perimeter and head area than the sperm from ejaculates with medium or low sperm concentration (P ≤ 0.05). Ejaculates with the highest sperm concentration contained longer sperm than did ejaculates with medium sperm concentration (P ≤ 0.05). Table 2 presents the indices used to evaluate differences in the shape of sperm from ejaculates with varied sperm concentrations.
Results
The data in Table 2 indicate that as sperm concentration increases, the ratio of head width to head length decreases. In the ejaculates with low sperm concentration, this ratio was 1.43 greater than in the ejaculates with medium sperm concentration, and 2.01 greater than in the ejaculates with high sperm concentration (P ≤ 0.05).
The sperm from ejaculates with the highest sperm concentration had greater ratios of head length to total sperm length and head length to tail length than the sperm from the ejaculates with medium or low sperm concentration (P ≤ 0.05). The sperm from ejaculates with the highest sperm concentration were also shown to have a significantly greater ratio of head area to total sperm length than sperm from ejaculates with medium or low sperm concentration (P ≤ 0.05). Table 3 presents data on the frequency of morphological sperm anomalies in relation to sperm concentration in the ejaculate.
The data in Table 3 show that as sperm concentration in the ejaculate increases, the frequency of sperm with morphological abnormalities decreases. These tendencies were noted for major defects (P ≤ 0.05), but a slight decrease was also observed in the frequency of minor morphological anomalies. At the same time, as sperm concentration in the ejaculate increased, the percentage of morphologically normal sperm increased as well (P ≤ 0.05). Table 4 presents data pertaining to the selected semen traits in relation to sperm concentration in the ejaculate. The data presented in Table 4 show that the volume of ejaculates with low sperm concentration was larger by nearly 20 mL than that of ejaculates with medium sperm concentration, and by nearly 58 mL than that of ejaculates with high sperm concentration (P ≤ 0.05). The data also indicate that as sperm concentration increases, the number of insemination doses obtained from the ejaculate increases as well. On average, 5.62 more insemination doses could be prepared from the ejaculates with the highest sperm concentration than from the ejaculates with medium sperm concentration, and 11.58 more than from ejaculates with low sperm concentration (P ≤ 0.05). Sperm motility, on the other hand, was not shown to depend on sperm concentration in the ejaculate.
Discussion
This study was carried out with the use of the ejaculates of Hypor boars, commonly used in the production of hybrid fatteners. The data presented indicate interrelatedness between the morphological characteristics of sperm and their concentration in the ejaculate. Differences were observed in the dimensions and shape of spermatozoa and in the frequency of the morphological anomalies between ejaculates differing in sperm concentration. The data obtained in the present study show that the length of the sperm heads increases with the sperm concentration. A study by Rijsselaere et al. (25) on dog semen showed that the sperm concentration in dog ejaculates can affect the sperm dimensions. The study showed that sperm from ejaculates with a lower sperm concentration had shorter and narrower heads with a smaller surface area and perimeter than sperm from ejaculates with a higher sperm concentration. The present study shows an analogous dependence of sperm head dimensions on sperm concentration in the ejaculates of domestic pigs. Sperm head dimensions can affect fertility, as variation in sperm head dimensions has been shown to be linked to differences in the cell nucleus chromatin structure (26) . Even minor changes in the shape of the sperm head may be accompanied by changes in the chromatin structure in the cell nucleus, which can result in reduced fertility (5) .
The dimensions and shape of sperm affect their motility and fertilisation capacity. According to Mossman et al. (22) , sperm length is positively correlated with the speed of its movement. Sperm with longer tails are more competitive because they can reach the ovum more quickly (24) . The hydrodynamics of the spermatozoon are also affected by the shape of the head. According to Malo et al. (18) , sperm with elongated heads move faster than those with rounded heads. Some authors report differences in the intensity and forms of sperm movement depending on the shape of the sperm head (8) . Sperm with higher ellipticity values (head length/width) and wider midpieces display a lower capacity for progressive movement in a straight line (7) . The present study showed that the ratio of the head dimensions to the tail length of the sperm or to the length of the entire sperm was always the greatest in the sperm from ejaculates with the highest sperm concentration. The ejaculates with the highest sperm concentration had the narrowest and at the same time the most elongated heads. Data obtained by Hirai et al. (12) show that the sperm of boars with lower fertilisation capacity have larger and more elongated heads than the sperm of boars with high fertility rates. An impact of sperm concentration in an ejaculate on their morphometric characteristics has also been reported in stallions. The more concentrated ejaculates were found to contain spermatozoa with smaller and less elongated heads as opposed to the less concentrated ejaculates (4) . Sperm dimensions can also be affected by the semen storage (11) .
The data of the present study show that the quality of the semen of Hypor boars is very high. The mean percentage of sperm with major morphological defects did not exceed 1.98%. These data show, however, that the frequency of major morphological defects decreases as sperm concentration in the ejaculate increases, while the percentage of morphologically correct sperm increases. In the ejaculates with the highest sperm concentration, over 96.8% of the sperm were morphologically normal. Studies by Rijsselaere et al. (25) have shown that less concentrated ejaculates contain fewer spermatozoa with morphological alterations, while as the sperm concentration rises, the percentage of morphological anomalies also increases. The frequency of morphological sperm anomalies is influenced by genetic factors and breed of the male, by individual predispositions of the male (16) , and by seasonal and environmental factors (10) . Sperm deformations included among major defects usually appear during spermatogenesis. The frequency of these anomalies determines the fertility of the male (13) . The present study showed that the percentage of sperm cells with minor anomalies was greater than the percentage with major defects, but the frequency of minor sperm defects was also not high. Little influence was felt from the sperm concentration on the frequency of spermatozoa with minor defects, and the differences between the groups were not confirmed statistically. The data in the present study show that sperm concentration in the ejaculate is linked to the quantitative characteristics of the ejaculate. As sperm concentration increases, the ejaculate volume decreases, which was confirmed statistically. These data thus confirm earlier observations that the correlation between sperm concentration and ejaculate volume in boars is inversely proportional (28) . Increasing sperm concentration in the ejaculate translated to a marked increase in the number of insemination doses produced from one ejaculate.
To sum up, the dimensions and shape of sperm depend significantly on the sperm concentration in the ejaculate. In ejaculates with the highest sperm concentration, the sperm have larger dimensions. Sperm concentration also influences the shape of the sperm, and more precisely, in ejaculates with higher sperm concentration, the sperm heads are more rounded than in the case of ejaculates with a lower sperm concentration. Sperm concentration in addition affects the frequency of morphological anomalies in the sperm, the highest percentage of such was noted in the ejaculates with low sperm concentration.
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